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Abstract 



A process for the detection of a nucleic acid sequence in a homogeneous 
-«*^^d^using an energy transfer system is disclosed. TOs proce^ utilizes 
, V iabe'ed oritner containing . selfcomplementary sequence m an 
.n^rlifiration process togethe: ^^■ith a subseauent detection step usmg a 3 
aMed probe for the amplified region. The labels u-iU be do=. 'oge^er 'n space 
..er hybridizing the probe dose to the short piece of <^-^'--"^«'^^"^^^ 
-,ulldn3 .rom b..ck(olding of the selfcomplementary reg,on oi the pnmer 
which h^s been incorporated into the amplified product. The new pnmer for 
in th:<i process is also disclosed. 
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rnc present invention relates to a process for an^plifpng and detectmg at 
least c.-.. specific nucleic acid sequence .n a sample containing a nucle.c aod or 
a mixture of nucleic adds a. least one of which is suspected of conta.mng sa.d 

ueace. which process comprises: ; ... 

a) ampUfving the nucloic add sequence to be de.eaed by means of a chain 
extension reaction utilizing a first oligonucleotide primer o. the general 
formula 

X-Pc-L-Pp 

^.herein Pp is an oligonucleotide sequence substantially comple- 
r.entary !o a cart of one strand of the nucleic acid sequence to be 
r<.tected. PC Is an oligonucleotide sequence substantially comple- 
r tary to the sequence Pp. L is a ncn-nudeotidyUc linker group 
■'ected so vs tn allow efficient backfolding between the sequence Pc 
and the primer extension sequence of Pp and to avoid amplification 
of the backfolding part Pc, and X is an energy donor or acceptor, 
and a second oligonucleotide primer substantially complementary to a part of 
the other strand cf the nucleic add sequence to be detected; 

b) separating after the last amplification cyde the primer extension products 
from their complementary sequences to produce single-stranded molecules: 

c) treatir.g said single-stranded molecules containing the primer of formula I 
above with an oligonudeotide probe of the general formula 

Y - Pr (I'> 

wherein Y is an energy acceptor, when X in the primer of formula 1 
is an energy donor, or an energy donor, when X in the primer of 

; forniula I is an cnerpy acceptor, and Pr is an oligonucleotide 

.e^ucncc compl^nientary to a part of the amplified single-stranded 
molecules containing the primer of formula I above ard selected so 
as to guarantee a short distance between X and Y after badcfolding of 
the sequence Pr and hybridization of the sequence Pr to said singlc- 

0 stranded melon; Ics such that an energy transfer can lake place, 

u-d.r conditions allowing hybridization of the sequences Pc by backfoldmp 
of Fr to saiJ. sinplc-strandcd molecules; and 

I. .. ! -t CJ 
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d) determining whether an energy transfer takes place. 

ilso relates lo a primer of the general formula 

X-Pc-L-Pp 



The present invention al 



.Lrein Pp is an oligonucleotide sequence substantially comp^ 
.-Ventarv to a :,.rt of one strand of the nucleic add sequence to be 
-dSlfted ^ is an oUgonudeotidc sequence substantially comple- 
mentarv'io the sequence Pp. L is a non-nudeotidylic linker group 
<e;ected so as to allow effident backfolding between the sequence Pc 
'and the primer extension sequence of Pp obtained by amphncat:on 
,0 by means of a polymerase chain reaction and to avo.d ampl.ncat.on 
of the badcfolding part Pc. and X is an energy donor or acceptor. 

Furthermore, the invention relates to a diagnostic kit for amplifying and 
detecting at Ic'^l one spedP.c nudeic add sequence in a sample contaimng a 
nudeic" add or a mixture of nudeic adds at least one of whidi is suspected of 
.-ontairlrs said sequence, which kit comprises a first container conta.mng a 
pnmer of fonr.ula I as def.ned above and a second ""^'^^^^ ^^"'"^^ 
pr.be of fonn.ua U as defind above and means and reagents for amphfication 
by means of a pdynnerase d^ain reaction and for detection. 

JO The polymerase drain reaction (PGR) is a very powerful method for the 
spedfic a.npUf.cation of DNA or RNA stretches. The methodology is described 
in E..opean Patent Applicarions. Pub. Nos. 201.184, 200362 and 258.017. One 
..noUcation of this technology is in DNA probe tedmology to brmg up DNA 
/rkccr-i in low copy numbers to a detectable level. Numerous diagnostic and 
sdcntific applicanons of this method have been desaibed by H.A. ErUch (Ed.) 
in PGR Technology-Prindples and Applications for DNA Amplification, 
Stockton Press, USA, 1989 and by M.A. Inis (Ed.) in PGR Protocols. Academic 
Press, San Diego. USA, 1990. 

A dcsrablcgoal would be the direct detection of the amplified DNA 
without .imc-consuming separations or t-ansfer steps by a so-called homo- 
ceneous assay format. At the sam. lime the aim is also to replace radioactive 
iabols stili mainlv utilized in DNA diagnostics by nonradioartivc reporter 
systems thereby extending the applications of this ledinology. Such a homo- 
c-.eou. deixlion system applying intercalating chemiluminescent acr.dm.um 
15 esters h.-.. N:c-a reported bv Arnold et al. in Clinical Chemistry 35, 15S8 (1989). 
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P..her .....ons of .he homogeneous DNA <^^f;]rZo2\'^'^ ^ 
.. r.y ■■■ ' -^ckir-.n in Nachr. Chem. Tech. Ub. ^ 692-.02 (1989). 

use o' bathoDhc.n.nthrolin^Ru n complexes as nonradioactive label 
.c,l^,« which can be measured with high ^.nsitivity by l;---^^^ 
-uuormeu. has been described b/, W. Bannwarth et a^..n He v C^^^^^^ 
ZL 20«5-A^ (1988). TT^ese complexes can be part of an '"'-^f '^^''^f 
^oLles allowing energy- transfers from suitable donor molecules onto the 

•he distance between donor ,and acceptor such systems can be applied m 
, ; es gations of molecule interactions. As .a. suitable class « — 
for -.he Ru complexes lumazine chromophores r.ave been identified. The 

p<Lsible app'IcabUity of th. -or pairs in the detection of e.g. DNA 

C^^Jl Solg—. -ay have been desaibed 
Appucan... TuU. No. 036..^d in Helvetica Chimica Acta Z^^59M999^ 
3 Xo■^r^^^■^^ t,y W. Bannwarth and F. MuUer With such a 
ombin^don energy transfers were detected within o^SO<i^^^^^^ 
Ub^lcxl at the 5--end ^vith a Ru bathophenanthroline complex and poss«sing 
lumazine c:-.-c:.-.ophores at different distances from the Ru complex withm 
the oligonucleotide. Furthermor.iuvas demons.^rated t»,»t this oair of 
,0 interaive lab... also be a.r,U.d to detect a t^xget DNA ^-'^^^Lnor 
hyH„...r.on i^rocess wne.c... ...oe seque.... .. equipped with the oonor 

and tim wuier with the acceptor. 

An alternative approach using a terbium complex as an energy acceptor 
and salicylate as an energy donor in a homogeneous DN A ^e'ection system 
^ has been described by A. Oser and G. Valet in Angewandte Chemie 102, 119/- 

1200 ( '.gflo). 

The -roccs-cs kno^vn for the detection of oligonucleotides in a 
homo.en^u^test format employing energy transfers for the subsequent 
detection make use of at least two labeled oligonucleotides which hybridize 
30 specifically side by side to the complementar)' DNA sequence thereby 
positionins the two labels next to each other. 

The bJsi^ prindp'.cs of the nrcjcnl invention arc outlined in Fig.l. 

Figure 1: 51>ows the steps involved in an assay for amplified DNA 

applying interactive labels and a backfolding primer of the general 
.,j formula I and a i'robo of the general formula II. The 
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compicmont.'.n' snand of the double strand is omitted for 

simpiifi 'a^ic^ri- 

It. the present invention the amplification may be carried out by a 
co-.bir nion of two primers of which at least one is a primer of the general 

n.m<^ badcfolding primer due to the ability of its subsequence 
biaW to the primer part Pp yielding a short double strand 

It is kno'.-n in the art th.t .elfcomplementary parts in oligonucleotides 
r..y cause problems in hybridization steps with a second oligonucleot,de. 
especially if the first oligonucleotide is intended for use as a pnmer m a cham 
cxLsion reaction preferably u-ith an er^yme (polymerase). Therefore^ ts 
usually recommended for a clean reaction to optimize these pnmers and also 
probes in such a manner that they do not contain such self complementary 
parts. 

It has now unexpectedly been found that oligonucleotides containing 
selfcomplemcn,^.' regions may be advantageously used in a polymerase chatn 
reaction anc a detection step. 

In case of the primer with fom.ula I the primer part Pp from the 3--end 
uc to the nonnudeotidylic linker group represents a standard pnmer for the 
amplification of the target DNA sequence to be detected. At the temperature of 
denaturation and subsequent utilization of a polymerase at least part of t^e 
backfolding primer exists in the open form and can thus prime speafically its 
template-dependent extension in the presence of adequate amounts of the four 
deoxyribonudeoside triphosphates (dATP, dGTP. dTTP and dCTP) or analogs. 
Knov.m DNA polymerases indude, for example. E. coli DNA polymerase I or 
its Klenow fragment, T4 DNA polymerase. Taq DNA polymerase, Tth DNA 
polymerase from Thermus thermophilus and DNA polymerase from 
Thermococcus litoralis. The reaction conditions for catalyzing DNA synthesis 
with these DNA pol>-merascs are well known in the art. 

Any amplification method b.iscd on a chain extension reaction may be 
, employed which allows the incorporation of the primer I in the amplification 
product. Amplification by the polymerase chain reaction (PCR) has already 
been mentioned. The primer of formula I may also be used in alternate 
methods of producing amplified target sequences. For example, the pnmer 
may be used together xvilh a second oligonudootidc which arc both 

' ■ c.-.-tary to a DNA template and arc directly adjacent to one another 
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with their 3-- and 5 -ends. Amplification occurs through repeated 

d Saturation, primer anneah... and ligation of the 3-- and -"^^ J^-^ 

:Ld ligase Chain reaction (LCR) or ligase ^^P^!'^"^'^^^ 
further described bv and Wallace in Genomics 4, 560-569 (1988). "n^e 

4~ o^^^^^^^ containing the labeled primer of formula I may t^n be 
;;C bv hvbridizing a labeled probe of formuun near to the ^^^^ 
as d«cribed in the next paragraphs. AinpUficaUon by PCR « the 
preferred method. 

;c ahniit 90* - 100" C whereas the 
The denaturation temperature is about 

tempmture for the poK Jrase reaction is usually lower and depends on the 
temperature '^'^"^f^P • poiy,nerase the ten^perature is usually 

polymerase used. In case oi me ^/v^ 7 -nt^rnal 
between 70' - 80' C which is high enough to prevent complete ^nten^al 
ba^oldilg of the short sequence Pc to Pp in primer I which othen^se tnay 
nnl^it Jprimer ac.vi.y. After amplification ^'-2ZZ'::To 
. incorporated primer especially its part Pc can fold bad. Wtth » P"*^ «j 
form^. n (ae'tection oligonucleotide) hybridizing to the ^J^^ ^^^^^' 
pouipp.^ ■ at its 3--end with one or more energy donor molecules M X m the 
^Zr of formula I is an energy acceptor) or an energy ''-ptor rnoleoUc Of X 
Z7e primer of formula I is an energy donor molecule) the backfoldtng 
guLtees a short distance bet^veen the donor or the acceptor at the 5 -.nd of 
he bacluolding primer allowing in such a situation an -"SJ ^^^^ 
1 step b)). If the target sequence is not present and therefore has not been 
;..p-^.ed by primer 1. this energy transfer is not possible -o 
Primer extension product to which the detection oligomer could hyondize. 
; SorH dearL distinction between the presence of the an^plified target or 
its absence is possible. Thus a test could be c^ed out directly after 
amplification in a homogeneous fashion without having to P"^°™ . 
separation steps and an energy transfer indicates the presence of the amphf.ed 

target sequence. 

. rrUnen may be of any length suitable for amplification detection- 

Primer region Pp has preferably a length of ab^ ut 10 - 30 nuc'^"^^^^ 
shorter or longer, depending on the sequence to be detected. I'"*-'^'^" 
des.gnir . seouence and temperature specific PCR primers are known .n the art 
taking imo .^count the stability of the individual base pairings of the 

•^5 nudcol'do b.iscs. 
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Th-. - n, ncr part !'p used herein is selected to be "subsUntially" 
.n,pl^;e;: eachUinc sequence to be a.pUfied. The Pn.er pan ^ 

d not .-enc't the exact sequence of the template, but must be sumcentU 
col ementa. .o selectively hybridize with their respectwe stran s even at 
rumperatuVe of pob^erisation. Non complementary bases oH^^^^^^^^ 
^e«l^es can be interspersed into the primer part Pp P™-«^^/^^^^\'*"; 
r^ul^cient complementarity .4th the sequence of onrof the strands U 
rampU^d to hybriL therewith, and . thereby fbrm ^ duple-tr.c - 
.hich can be extended by the polymeriring agent. ^-^^^^^^'^^ 
adapted in each case to be partially or completely complemenun^ the 
Lauence of Pp- Preferably primer part Pp reflects the complementary 
sequence of the template. 

TT,e ad-ition of the backfolding port Pc together ^^nth the label has been 
round to be n.t at all detru.ental for the primer function. The sequence of Pc 
" have any :en.th reU.v^ to Pp. Preferably Pc is shorter tha. Pp by a fe.v 
Zls " .- nLudes that, in case of a longer primer part Pc, th:s part bmd^ 
morels . v than Pp to the complementary sequence of the template at the 
amplifiLion temperature. A'ddiHona! donor molecules can span the gap 
between .T-end ar^ S'-end, which means that there is no need for the 3^nd o. 
I pro-oc n to start exactly where the S'.nd of the backfolded pr:mer I ends. 

Additionally, primer part Pp should not be too long in rdation to Pc to 
avoid that the probe, a. lower temperatures, hybridizes to the b-Wohi«l 
primer 1 without its prior elong.don. which ..ay cause false P«;^;- ^^^^^^ 
AS an exan-.Fle. the primer part Pp is 13 bases in length and may fold back by 10 
bases"of part Pc. Ttus is abo depending on the composition of the bases m the 



sequence 
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The second oligonucleotide primer (counter primer) commonly used for 
coamplificalion of the other (complementary) nucleic add sequence may also 
be labeled and used in equal or different amounts than primer I If both 
primers .:e bbeled, almost oagonudcolides of the -n^P>'««d s^^uervcc w.ll 
be ioK led ;,nd may b'.. c.t..C«d using at least one J-labeled probe 11 wh.ch 
allows hybridization near to the backfolded part Pc of at least one of the nucle.c 
add sequences which have to be detected after ampUficationJDlhcr vanat,o.v. 
c.r ccnbinaiions of the primers of the invention and the probes dcscr.bod are 
wi.h:n the scope of the present invention such as. for example, the use ot 
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difforontly labeled primers, single strand amplification or RNA amplification 

instead DNA. 

Alternatively one can also place one or more of the 
the 5--end of the backfolding oligomer and the acceptor molecules at *e 3-end 
-S^e detection oligomer as sho.. schematically ^^^^f^'";^^'. 
the primer will be labeled with the energy donor at the 5 -end. Tlus may be 
advantageous due to the background fluorescence of the ^^^^^y 
rcsuldng from direct excitation. In PCR the primers are apphed m large xc^.s. 
rnus if the primer is labeled with the energy acceptor (e.g. the Ru complex), 
,0 this fluorescence caused by direct excitation may become important. 

The detection of the energy transfer bet.^•een the donor and the acceptor 
by flucrescnce measurements may be performed by methods kno^vn in the art 
The methodology of the time-resolved fluorescence technique .s described, for 
examr- in the German Offenlegungsschrift No. 2628158 and in the European 
15 ?.-.t£. : /.pr^ication, Publ. No. 178 450. 

Lnteractive molecoles may be used in any combination in the present 
invention, provided that they are chemically bonded or complexed to the 
primer or the probe without affecting the optical properties of the^e molecules 
and tha. they are clearly d-<.-nWe in th. -esence of DNA. Suitable m.«-ctive 

a 1- ..C.-.CS are glucose oxidase/ pero*.u«e; ..uu.escein/i -min and 

salicylate/ terbium complex. The donor/ acceptor combination lumazine 
chromoDhor» /bat>.nohcnanthroline-rutheniv-n:comDlex is preferred. 

•nie backfolding primer also contains a nonnudeotidylic group L which 
aUows a base pairing of the complementary bases in Pc and Pp, thereby 
25 avoiding loop formation. This nonnudeotidylic group leads also to a stop of 
the polymerase at this position during the amplification process. 

The nonnudeotidylic group L is selected so as to c.l^w ef fident 
bac'if .Iding -ijetwcen the scoucnce Pp and its complementary sequence Pc. Tlus 
group 1. mav consist of any kind of nonnudeotidylic linkers which allow 
30 ccfi-p'l backfolding of Pc to Pp without loop formation. Preferably the 
nonnuc'.ectidylic linker is derived from propanediol. More preferably the 

r group L consists of two propanediol units linked together by a 
p^o^phMc group and attached via phosphate groups to the oligonucleotide 
scqucnr..-.. Pc and Pp. The most preferred linker group L has the following 
3? form 11 1; 
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.0-P(0),-0 (CH,j3-0-P(0)-rO-(CH:),.O.P(0)l-0- Linker group L 

Tl.is r>onnuclcoiidvlic liakcr has been found unexpectedly to allow 
emdeTJcLdlng of Pc to Pp and additionally to avoid an.pUf.cat,on of the 

backfolding part Pc. 

process of Ihe ptessM inveKlion. 

Tk. oltonudoolldos which «. as ro^al primers ir, Iho polymer.se 
,e,cr: r:,Uc,eo..es „..h .e par. - »-^:Sf-roSA ■ 

proh^ cn ^ syn^esue. hy ^^-^'^^-^.^^r^Td^L^P^^^^ «ins 
cv^t^Psi* - A Practical Approach, IRL-Press. 19S4J. soua p 7 
;-cvi-*hyl phosphoramidite. as desaibed by N.D. Sinha et al., .n Nude. 
Adds Research 12, 4539-1557 (1984) is preferred. 

■n.. group L r.av be inserted in the course of the solid phase synthesis of 
the prime! part Pp with the phosphoramidite 5 or analogs thereof. The 
s^thesis of 5 is described by F. Seela in Nudeic Adds Researd. 15, 3113 (1987). 



^0{CH2)2CN 



(MoO)2Tr-0(CHj)50P^ 

N(iPr)2 



0 



25 



30 



Adding two of these amidites 5 to the oligonudeotide Pp during the 
synthesis yields th.e most preferred linker which will be further elongated 
Clnrthe syr^thesis with the appropriate nudeoside phosphoram.d.tes to add 
the badcfolding part Pc of the primer of formula I. 

T,, labels selected for coupling at the or S'^H ^J^'^' 
or probe - -.^^^^^^^^^^ 
'^Z:^:^^^-^^ Of t^e labels may be done .th if 
. gonudootido is stiU bonded to the support or if it is 
Ls mav also be introduced in one or more of the nudeot.de bases of 
;;;nror probes prior to their attachment to the growing oUgonucleot.de 
d,nin i. form of. for example, nucleoside amidites. In case of Ru 
o.n.plex/lumazin. labols the lumazine group may be .ntroduced at the 5 -end 
of the b..ckfolding primer or at the SV .>nd of the probe "^"S ''^'-, 
phosphoramidite 7 of the 6,7-dim.lhyl luma7.ine-r-d0oxynbos.de. Oth.r 
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lumazine derivatives or couplihg reagents for the introduaion of the 
phosphite group may also be used. 




10 



15 




HN ^ 



O 
I 

NC-(CHj)2 — O-P. 

N(iPr)2 



One or ,T.ore of these molecules bearing the lumazine chromophore may 
introducec: in the oligonucleotide to enhance the energy transfer. Preferred 
are one to four consecurive lumazine chromophores. The synthesis and 
introduction of the lumazine ribosides either at the 3'- or S'-end of an 
oligon- cJeotide is described in the European Patent Application, Publ. No. 439 

036. 

Va-ipus Ru complexes as energy acceptors together with different spacers 
bet^vctn the complex and the DNA molecule may he used as described m the 
European Palent Applications, Publ. Nos. 340 605 and 178 450. For the 
attachment of the Ru complex at the S'-end of the backfolding primer a 
Dhoshora.-nidite of structure 6a or a reagent of structure 6b may be used as an 
example. Preferably the derivative 6b may be employed for the introduction at 
the 3'-end. 



1 
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6a 





^0(CHj)jCN 
N(iPO, 



|— (CHj)4-COON 




10 



6b 

TY.e r.asent 6a can be used without further modifications for coupUng to 
e.g. a hi dxovy or amino group in the course of the solid phase synthesis of the 
oligonucleotide. 

Coupling of reagent 6b at the J-end may be performed after some 
modifications of the solid support used for the synthesis, n.e general sd^eme 
is out-lined below (Scheme 1) starting with compound 8 which is descnbed by 
Nelson et al. in Nucleic Adds Research IL 7179 (1989). For further details 
including the attachment of the Ru complex derivative 6b to the modified 
support 10 ?e€ Example 2. 



-n - 
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fM^)jTr-CCHj 

I 

CHOH 

1 

rmoc 

— NHCH, 




1 " 

CHO -C{CH2)jCCX>H 

1 ^; 

Fmoc— ^HCHj < 



8 



MSNT 
Melm 



(MeOljTr-OCHj q 

{^HO— C(CH2)2CONH .AAATCPG 

Fmoc— NHCHj lO 

Tlte invention wiU be further Ulustrated by the following examples 
5 without limiting it to them. 

Pxample 1 

cy..^p.s. Of Lu — - -"^ «""n<ev phosphoramiditcs . 

prepared L described in European Patent Application, Pubhcat:on Na 439 0 6 
,0 (luly 31, 1991). The phosphoramidite 6a of the Ru complex was prepared n suu 
as described by W. Bannwarth and D. Schmidt in Tetrahedron Utters 3_0, 1513- 

1516(1989). 

Tnc Ru complex derivative 6b was prepared by coupling the Ru complex 
with activated N-hydr,xysucdnimide as described in ^^'^^'^ ^^^''^ CH^c 
Applicvaon, Publ. NO. 3-<0 605 or by W. Bannwarth et al ^^^f^^^^"^^ 
' Acta ; . 2085-2099 (1988). M,N.N-,N--letramethyl (sucamm.do) uromum 
tetranTorc: orate iTSTV) wa. used as an activaUng agent -^l^y^'^'''!;^ 
use of TSrV is desaibod by R. Knorr ct al., in Tetrahedron Utters 30 1927-1930 
(1989) a.-Ad W. Dannwarlh in Tetrahedron Letters 32, 1157-1160 (1991). 
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This reaeent was prepared in a ^vo step procedure as described by F. Seela 
nd K K J or "nuc Jc Acids Research 15, 3113-3129 (1987) sUr.ng fron. U- 
and K. Ka^.cr .n Nu 4,4--dimethoxytrityl group. TTus was 

p.opar.edK,l ^^'^ ^ ^ ^^^^^^^^^ (p.^anoethoxy) bis (diisopropy.amir>o, 
followed by a phosphinylaaon wun vp y 

phosphine in the presence of diisopropylan^omum tetrazohde . 

Fxample 2 

C yn.hn<U of 3- Pn rmir' '^'"'^ "'^^ 

The synthesis of the modified CPG support for the solid phase synthesis 
of .rodXd oUgonucleotides was done as outlined in Scheme t (supra,. 

compound 8 was prepared according to procedures de«ribed by Nelson et 
a,.. -.-rSc Acids Re^arch IZ, 7179-7186 and 7187-7194 (1989). 

In the ne step compound 8 (lOmmol 6.16 g) was evaporated three times 
f.omXy^dine.'^en rwas dissolved in 60 ml of -h^P^^f = and 2. 
mmol (2.50 gi of succinic acid anhydride and 10 mmol (1.22 g) of 
rrme^yla^inopyHdin (DMAP) were added and stirred - « "S^^^^^^^^ ' 
tie reaction was finished (TLC). The reaction mixture was taken up n 2^ 
L, of diethylether and extracted four times with sat. bnne. The organ, layer 
, .as dHed Jver Na.SO. and evapora.ed, ^^^h jeld^^ ,^.00^ 

Purification by short column chromatography (CO on 150 g of , 
• 0,040 nm (MeU) with 1000 ml of a mixture CH.Ch/MeOH/pyndme (945.1. 
v/v), 500 ml of CH2Cl2/MeOH/pyridinc (92:7:1) and 500 ml of 
CH^C/MeOH/pyridine (89:10:1). Pure fractions 
, predpitatod from n-pcntane yielding X3 g of^^e 9. M^P"^;^ ^^^^^ 

a&e5(m.CH3.:H<ni.);3.74(s.2 

CHV 6.81 (d. 4 ar< m. H ,QH4); 7.15-7.37 (m, 9 oiom. H, C^5,C^ m), /39 (t. 
30 nuorcnyl): 7.51 (d, fluorcnyl); 7.76 (d, flu-renyl). 

PrcparMion of the functionalizod support 10: The CPG-support (Pierce) 
was cva^ratci from anh. pyridine. Then it was dissolved .n 10 m o. anh. 
pyridine and O.f.O mn.ol (430 mg) of 9 as wc-U as 3 mmol (880 mp) of 1 
(ncsilvlcn.2-suUo.wl)-.->-nitro-lM-l,2.4-lria7.olc (MSND and 0.3 ml ot 



f 
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... . K, =^.-0. (NN.) .ere added. ^f^^^Z^ 

.eacV at room u ..perature wi^h ----^^^^^Td^^^^^^^^ support 10 ml 

^^shed successively with p>Tidine, DMF e'^"^^^^ J^^^,^. 

I A.~,n/r,vridine (i /lO; v/v) containing .l%pMAi_. wasau 
n.?/ed^ fan^^ support washed with pyridine, DME 
After ''^^;^';;i:^JLcLali« of 1° was determined by 

ethanol and ether. degree ° ' j ^^^^ (30.5 mmol/g) and 

photometric d-.terTr : nation of the fallowed by 

!fr • cloavacc of the nuorenylmethoxycarbonyl (Fmoc) group 
pho.om-etric determination at 300nm (30.1 mmol/g). 

..eoa -ion of the 3--a>nino modified DNA support 10 : The synthesis 

... :x:;:::o:.sy-s.ersta.tmg.thi.^^^^^^^^^^ 

^ ^ : ' t:^:s'''S^o::^x::. zz^ . ^ of 

and the filtrate tak=n to dryness. The peuet o oredoitate the DNA. 

• A aftpr 2 h 700 111 of ether were addcil to prcapuate 

n.mol of KCl it was dialysed against 2 1 of water (exd. ^^^^ 
, absorba^^cy L^dicated a yield of 53 OD units of ammo modified DNA, which 
was used as such for the coupling to the Ru complex. 

-C P in=^ of 6b to the amino modified DNA: In an Eppendorf lube 27.5 
OD , nits o tL -.amino modified DNA and 4 mmol (3rng) of 6b were re cted 
Z m ..^e of 200 nl of DMF, 200 ,1 of dioxane, 200 m of water and 5 ^ of 

% " . er ^ru^oT:rex;:::^3 times v^th 500 ^ of CHCls .0 remove 
'^^..^^corr.^-^ P-^^-«- ^'''"'^ polyaoylamide 
gci c!cc-.7ophpresis followed by eloctroclution. 

Fxampl" 3 

30 

^' mndificntio ns^ 

Oligcnucleotidcs without modifications were prepared on controlled pore 
chs. (CrC, Pierce) a.d npplying [i^cyanocthyl phosphoram.d.lcs of he 
. nrropriotc building blocks. T-Lumazinc modified oligonucleotide, uerc 



2090904 

.14- 

• ^-y Hpo«vriboside modified CPG-support as 
prepared by 3lor.gatior. of ^"'^^•"f j,^. 439 o36. This application 
Scribed ir. Eurcpear. .ater,t ^^^'^^^LtZyni^^s of S'- lumazine 
JLdesaibes methods and reagents for use m syn 
^.Ru complex-modified oligonucleotides. 

looHd-l 'inker group consisting of two propanediol units 
The nonnucleotid ,1 ImKer gra y ^^^.^ j^^^ 

separated by a phosphate group -7"^;/^f^^j^;/rCoup^^ of this amidite 
synthesis .^th 3 ninutes coupl^g dme 

was performed twice, usmg a 10 fold excess 
tp,..,hPr with tetrazole as activating agent 

^„ .Mition of the Ru complex at the 3-end - P«^°-^^ 
compl^: ..-ivative 6b after the synthesis and deprotection of the 
r -orxu. koade as desQ-ibed in Example Z 

Fxample 4 

.« „ primes in to polym=r«e '^"""^^^^^^Zl pHm»s «>.>. 

20 described. 

The primers had the following specific sequences: 
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• A-T-A-A-T-C-C-A-C-C-T-A-T-C-C-C-A-Cj I a o o 
ASicA-T-C-C-C-A-G-T-A-G-G-A-G-A-A-A-Ty ^ ^ 
^•Ru-T-A-T-C-C-C-A-G-T-A-G-G-A-G-A-A-A-Ta. 1 6 



r 

C 



T-A-T-C-C-C-A-G-T-A-G-G-A-G-A-A-A-Ty 1 7 
A-T-A-G-G-G-T-C-A-r 

T-A-T-C-C-C-A-G-T-A-GG-A-G-A-A-A-Ta. 1 8 
A-T-A-G-G-G-T-C-A-T-Ru* 



In e. J. ".:e.the second primer or cour^te^ primer used for coampUfication 
of the complementary strand had the following sequence: 

5-T-T- r-G-G-T-C-C-T-T-G-T-G-T-T-A-T-G-T-C-C-A-G-A-A-T-G-Ca. 1 9 

5 The^e oligonucleotides were derived from primer and V^^^^^ 
already described in Table 2 of CR Ou et al.. in Saence 239, 295-297 (1988). 

Per amplification reaction 1000 copies of HIV plasmid DNA were applied. 
■ The prS^« were used in excess at 100 pMoles. In case of 19 50 pMoles were 

I!ld\e HIV DNA was amplified in duplicate and a PGR negative control 
.0 . wi wed. Amplification with primers 14 and 19 was used as pos.t^ve 
control. 

50 m of HIV DNA were .dded to 50 ^l master mix for a total volume of 

100 \i\ per reaction mixture. 

Master n:ix: Distilled water 27.5 ^1 

^5 lOxTaq buffer 10.0^1 

8 mM dNTP -0-0 

100 mM prin-.or 04-18) 3.0^1 

50 mM primer 19 3.0^1 

Taq polymerase ' 0*5 ^1 

cfficcncy and ihc homogeneity of the amplified DNA was tested by 
SoM,l..:n hybridisation (U.M. Soulhom, Journal of Molecular B.ology 22, 503 
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M 175) ..in. th. radio labeled probe S' ATC CTG GGA TTA AS". The 
\^-^^^!^.er. an carried out in a phosphat.buffered sahne solm.on 
I'o^M ino^Janic phosphate; IM NaCl, pH7.0) with the o^^^on.cleon6^^^ 
^^r ratio Even t'e shortest backfolding primer equipped at he 5 -end 

ct^ex .eads to a .pcdfie amplification comp«a«e. in efficency 

with a standard nonmodified primer. 

Example 5 

transfer 

n detam^ined .-hether a backfolding primer of the general fommla I 
a- 'its ...atior. in . polymerase chain reaction is able to serve as a template 
■ ubs ont detect: I w^.th an oligonucleotide probe of the general formula 
mplex-labelcd Oligonucleotide 1 serves as a synthetic n.ode com- 
poun'! .or an'elongated primer of structure I whid. acts as a template for 3- 
iumazlne-labeled probes 2a, 2b and 2d and negative probe 2c. 

CC.A.A-A^T^-C-G-A-T.A.A.T-C<>A^T-A.T^A^.T-A^-A^^^^^^ 1 




C^r.T/r^A<W3;CT-A-T-T.A-G-G-T.G-G-A-T.A.G-G.d^T 
Ru Lu4 



2a 



Energy iranster 



c(Lu 



^.A-G-G-T-G-G-A-T-A-G-G-G-T-C-A-T-C) 



2b 

2c 1 
2d 



. Controls 



!0 



drwU,-G.C.C-A-C-T.T-G.T.A.T.G-C-A-A.C-T) 
d(T-A-T-T-A-G-G-T-G-G-A-T-A-G-G'G-T) 

: nonnucleolidyiic linker 

Hybridl2a;ions were all carried out in a phosphalc-buffcrcd saline 
solUi.n (10 mM inorganic phosphate; I M NaCU pH7.0) with ohgo- 
nucleotides in equimclar ratio. 

B-.nrcscence moasurcmonts were performed on a SLM Model 4048 S 
,rcctror.uorometer. Hxcitalion and emission wavelengths were set at 337 nm 
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and 620 nn,, respecdvely. The concentrations of the hybrids were 13 • 10^ M 
for a sample volume of 400 nl. 

! Tab- 1 'hews the results of the energy transfer measurements. As 

ted" tne results were positive in case.of probes 2 a and 2b an d negative m 
5 ""^are of prol>es 2c and 2d. 



Hybrid 

l/2a 
l/2b 
l/2c 

10 l/2d 



IF/ IF: 

2.1 
2.1 
1.0 
1.2 



TaV.le 1 

T><. fluorescence resulting from the energy transfer (IF3) was defined as 
bei- - ■• ' difference between the measured fluorescence at 620 nm (IF) mmus 
the fluorescence of the Ru complex through direct excitation (IF2) and the 
,5 fluorescence of the lumazine chromophore at 620 nm (IF,), which can be 
neglected. Therefore the formula for the intensity of the energy transfer 
redures to- IF3=1F-IF2. For the sake of simplicity we have shown in Table 1 only 
the ratio of the measured fluorescence intensity IF at 620 nm in relation to the 
fluorescence intensity of the Ru complex due to direct excitarion (IF2). 

20 - -The reversed energy transfer system utilizing a 5-lumazine-labeled 
■^mer and a 3--Ru complex-labeled probe was investigated with the model 

compounds 11, 12 and 13. 
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. ^ A A A T 7 T A-T-A-A-A-A-G-A-T-G-G-A-T-A-Ay 1 1 
^T-A-T-O-C-C-A-G-T-A-G-G-A-G-A-A-A-T-.-T-A-T A A M m 

RU-T-A-A-A-T-A-T-T-T-T-C-T-A-C-C-T-A-T-T*' 1 2 




V. 
energy transfer 



A-T-A-G-G-G-T-C-A-T-C-C-T-C-T-T 

Ru-T-A-A-A-T-A-T-T-T-T-C-T-A-C-C-T-A-T-T*' 1 2 

no energy transfer 



■n-e results obtained with the primer/probe systems 11/12 (showing 
.ner^-sfer) and 13/lZ as a negative control ^th no ^^^^ 
, confLed the utility of this combination although the effiaency for the 
energy ti-insfer was a bit lower (data not shown). 
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PROPERTY OR P:.IVII.EGi: IS CLAIMED ARE DEFIMED 

. . ,.e. a.pU,.. and ™ 
se^u^ce in.a s.n.le containir.g a nucle.c and c. m^.^ 
least! 'e cf which is suspected of containing said sequence, wi p 

formula 

X-Pc-L-Pp 

v,herein Pp is an oligonucleotide sequence substantially comply 
^nry to a part of one strand of the nucleic add sequence to ^ 
PC is an oli,onudeotide sequence substantially comple- 
te to the sequence Pp, L is a non-nudeotidylic linlcer group 
^ so as to Iw effdent backfolding between the seq-nce Pc 
he primer extension sequence of Pp and to avoid axnphficat.on 
of le ba^oldlng part Pc, and X is an energy donor or acceptor, 
ana a Ur^ililgonudLde primer substan.ally -P^--^^ ^ ^ °^ 
the other strand of the nudeic acid sequence to be detected, 

M .eoai-. after the last ampUfication cyde the primer extension products 
IXr cC-tary sequences to produce singl.stranded molecules; 

. .. Otreaj^g said Single-stranded molecules containing the pn^^^^ 
above with an oligonudeotidc probe of the general formula 



Y-Pr 



wherein Y is an energy acceptor, when X in the pr:mer of formula 
is an energy donor, or an energy donor, when X in the pr^er of 
fonr.uia-1 is an energy acceptor, and Pr is an oligonudeoude 
equonce complementary to a part of the amplified -gl-'-'^e^ 
n-lcules containing the primer of formula I above and scle^ d so 
as to guarantee a short distance between X and Y after badcfoldmg of 
the r.cq..nce Pc and hybrid^ation of the sequence Pr to sa,d smgle- 
.trandc-d molecules such that an energy transfer can take place, 
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under conditions allowing hybridization of the sequences Pc by badcfolding 
nnd of Pr to said single-stranded molecules; and 
d) (Jptermining whether an energy tr=nsfer takes place. 

A process according to claim 1, wherein X is an energy donor and Y is • 

an-«l?^- acceptor. 

A process according to cUim 1. wherein X is an energy acceptor and Y is 
an energy donor. 

4. A process according to any one of claims 1 to 3, wherein 'he -erg/ 
donor is a lumazine chromophore and the energy acceptor .s a bathophenan- 

throline-ruthenium-II-complex. 

5. A process according to any one of claims 1 to A. wherein L -ns^s^°^ 
propanediol units linked together by a phosphate group and attached v,a 

phosphate groups to the oligonucleotide sequences Pc and Pp. 

6. A process according to any one of dain« 1-5, wherein the chain 
extension reaction is a polymerase chain reaction. 

7. A primer of the general formula 

X-Pc-L-Pp 

wh*-r<.in Pp is an oligonucleotide sequence substantially 
complementary to a part of one strand of a. nucleic acid 
^soauence to be detected. Pc is an oligonucleotide sequence 
substantially complementary to the sequence Pp. h is o 
non-nucleotidylic linker group selected so as to allow 
efficient bacKfolding between the sequence Pc and a primer 
extension sequence of Pp obtained by amplification using a 
polymerase chain reaction and to avoid amplification of the 
backfolding part Pc. and X is an energy donor or acceptor. 

8. A primer according to claim 7. wherein X an cncrgj- donor. 

9. A primer according to claim 7, wherein X is an energy acceptor. 

-.0. A primer according to claim 7 or 8, wherein X is a lumazinc chro- 

ir.ophorc. 
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. p.i.er according to clain. 7 or 9. wherein X is a 
bathoph4anthroline-ruthoniu.-II-co.plex. 

^ according to any one of claitnf. 7 to 11, 

■^IZ^^rmer according . .„^^^,j-,:^her 

.....rein . consists o. ^ ,,oups to the 

v-y a pV.osphate group and at-.ched vx 
oligonucleotide sequences Pc and Pp. 

,3 A diagnostic Kit for a.pUfyin. and detecting at 
. .. oi^e specific nucleic acid sequence in a sample 
least one specx ^ ^.^^^^^ ^^^^^.^ ,,,^3 ,t 

contaxnxng a nuclexc containing said sequence, 

3 cast one of vhich is cuspectea 

• _ » nr-imer of the formula 
which kit comprises a primer ^ (D 

X - PC - L - PP 

non-nucleotwylic U.'^.r ^r.up s.l.cted =o to 
<,„i<=U« .»«.oMln, -t..e. the ;, ;;^to„ of the 

„«„sio. so^..o. - PP n;:;rj o= .ocpto.. 

■ ::r;r, ".tt:/! ..t.ot.o„ 

uoing a polymerase chain reaction. 

14. A nonnudeoddylic linker group derived from propar^ediol and 
containing F(0)i . 

15. A npnnudeoadyUc linker group of claim U characterized by the 

formula 



-O-P(Oh-0-{CHj)3-O-P(O)r0-(CH2)3-O-P(0)r0-. 



16. A diagnostic kit for use in the amplification and 
detection of at least one specific nucleic acid sequence in a 
sar.p]e containing a nucleic acid or a mixture of nucleic 
.joids at least one of which is suspected of containing said 
sequence, said kit comprising a primer of formula I as 
d\»fined in any one of clains 7 to 12. 

17. A diagnostic kit for use in the amplification and 
detection of at least one specific nucleic acid sequc-nce in a 
sample containing a nucleic acid or a mixture of nucleic 
acids at least one of which is suspected of containing said 
sequence, said kit comprising: 

a) a'z least one of a primer of formula I as defined in 
any on« of claims 7 to 12; and 

b) a probe of the general for^iula 

y-Pr (II) 

wherein Y is one of an energy acceptor, when X in the primer 
of fonnula I is an energy donor, and an energy donor, when X 
in the primer is an energy acceptor, and Pr is an 
oligonucleotide sequence complementary to a part of an 
amplified single-stranded molecule containing the primer of 
formula I and selected so as to guarantee a short distance 
between X and Y after backfolding of the sequence Rc and 
hybridization of the sequence Pr to said single stranded 
,**4nolecnle such that an energy transfer can take place. 
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Figurt 1 
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b) Detection (low temperature) 
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